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© 1,8-Naphthyridine derivatives. 

® Novel 1.8-naphthyridine derivatives having antibacterial 
activity and represented by the following general formula (I): 



C00H 

(I) 



wherein: 

R is a cyclic amino group which may have a substituent; 

and 

I* X is a halogen atom, 

^ and their pharmacologically acceptable salts and a process 
for their preparation are disclosed. 
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Field of the invention 

The present invention relates to novel 1 ,8-naphthyridine deriva- 
tives presenting outstanding antibacterial activity as well as to their 
pharmacologically acceptable salts; it also relates to a process for 
their preparation. 
Description of the Prior Art 

Japanese patent application n° 131346/82 filed on July 29, 1982 
and laid open to public inspection on May 6, 1983 under Disclosure 
No. 74667/83 discloses bacteriocidal l-cyclopropyl-6-fluoro-l,4-dihydro- 
4-oxo-7-pi perazi noqui no! i ne-3-carboxyl i c aci ds . 

Furthermore, Japanese patent application No, 136 224/81 filed on 
September 1, 1981 and laid open to public inspection on May 15, 1982 
under Disclosure No. 77683/82 discloses antibacterial 7-piperazino-l- 

cyclopropyl-4-oxo-l,4-dihydro-l,8-naphthyridine-3-carboxylic acid 
compounds. 

Brief summary of the invention 

The present invention concerns novel 1 ,8-naphthyridine derivatives 
represented by the general formula (I): 



wherein: 

R is a cyclic substituent; and 
X is a halogen atom, 
and their pharmacologically acceptable salts, and a process for their 
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preparation. The 1,8-naphthyridine derivatives (I) and their pharmacolo- 
gically acceptable salts are useful as antibacterial agents. The process 
comprises reacting 7-chloro-l-cyclopropyl-6-f1uoro-l,4-dihydro-4-oxo- 
l,8-naphthyridine-3-carboxylic acid with one of the known cyclic amines. 
5 The 3-carboxylic acid is prepared from the known 2,6-dihydroxy-3-f luoro- 
pyri di ne- 5-carboxami de or 2 ,6-di chl oro-3-f 1 uoropy r i di ne-5-carbon i tri 1 e . 

Thus, it is an object of the present invention to provide novel 
compounds presenting outstanding antibacterial activity. 

Another object of the present invention is to provide a process 
10 for the preparation of these compounds. 

These and other objects and advantages of the present invention 
will become apparent from reading through the following description. 
Detailed description of the preferred embodiments 

Throughout the specification and the claims the term "cyclic amino 
15 group which may have a substituent" used in the definition of group R 
includes, for exanple, 1-piperazinyl , 1-pyrrolidinyl or 1-homopiperazi- 
nyl group which way be substituted with a Cj y alkyl, hydroxy!, acyl, 
amino, carbamoyl or cyano group. More particularly, R may be: 
1-piperazinyl 
20 3-amino-l-pyrrolidinyl 

3- hydroxy- 1-py rrol i di nyl 

4- methyl -1-pi perazinyl 
1-homopi peraz i nyl 
N-methyl- 1-homopiperazi nyl or 

25 3-wethyl -1-piperazinyl . 

Embodiments of the term "pharmacologically acceptable salts" 
include salts with Inorganic acids such as hydrochloric acid and 
sulfuric acid, with organic acids such as methanesulfonic acid, acetic 
acid and gluconic acid and with alkali or alkaline earth metals includ- 
30 ing sodium, potassium and calcium. 

Compounds (1) may be 1n the form of hydrates. 
The synthesis of the compounds of the present invention may be 
exemplified by the following reaction scheme: 



35 
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In the above reaction scheme, the known 2,6-dihydroxy-3-f luoropyridine- 
5-carboxamide (1) is hydrolyzed with sulfuric acid-acetic acid to yield 
a carboxylic acid (4) which is, without further purification, treated 
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with phosphorus oxychlori de-phosphorus pentachloride to produce 2,6- 
dichloro-3-fluoropyridine-5-carbonyl chloride (5). Alternatively, this 
acid chloride (5) can be obtained by hydrolyzing the known 2,6-dichloro- 
3-fluoropyridine-5-carbonitrile (2) to the corresponding carboxylic acid 
5 (3) followed by reflux of the latter in thionyl chloride and benzene. 
The acid chloride (5) is added to ethyl t-butyl ethoxy-magnesium- 
malonate, which is synthesized from ethoxy -magnesium ethoxide and ethyl 
t-butyl malonate, to yield ethyl t-butyl 2,6-dichloro-5-fluoronico- 
tinoylmalonate (6) which is then refluxed with a catalytic amount of 

10 p-toluenesulfonic add in benzene over a period of 3-5 hours to yield 

ethyl 2,6-dichloro-5-fluoronicotinoylacetate (7) (a mixture of keto and — 
enol forms). This ester is reacted with ethyl orthoformate in acetic 
anhydride to produce ethyl 3-ethoxy-2-(2,6-dichloro-5-fluoronicotinoyl)- 
acrylate (8). This ester is then dissolved in dichloromethane without 

15 further purification. Cyclopropyl amine at room temperature is added to 
the resulting solution to produce the corresponding 3-cyclopropylamino 
compound (9). This product is dissolved in anhydrous dioxane followed by 
addition of sodium hydride. The resulting mixture is then refluxed for 
5-30 minutes and thereafter the product is purified by chromatography on 

20 silica gel. Thus, ethyl 7-chloro-l-cyclopropyl-6-fluoro-l,4-dihydro-4- 
oxo-l,8-naphthyridine-3-carboxylate (10) is obtained. This compound (10) 
is converted to the corresponding carboxylic acid (11) by acid or 
alkaline hydrolysis and then reacted with a cyclic amine RH where R is 
defined as herein-above to produce the object compounds (I). Examples of 

25 the cyclic amine include, for example, piperazine, 3-t-butoxycarbohyl- 
aminopyrrolidine, 3-hydro*ypyrrolidine, N-methyl piperazine, homopipe- 
razine, N-methyl homopiperazine and 2-methyl piperazine. This reaction can 
be carried out in a solvent such as dimethyl sulfoxide, dimethyl- 
formaroide, pyridine or 3-methoxybutanol . The compounds (I) may be 

30 produced over 30 minutes to five hours at a temperature comprised 

between room temperature and 120°C, preferably at a temperature within 
the range of 40-100°C, and usually they may be produced from between 
30 minutes and 2 hours. In the case where the cyclic amine is a protect- 
ed one, such as 3-t-butoxycarbonyl ami nopyrroli dine, the protecting group 
35 such as 3-t-butoxycarbonyl may subsequently be conventionally eliminat- 
ed. 

The antibacterial activity of the compounds of the present in- 
vention was determined by the standard method of the Japan Society of 
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Chemotherapy: according to the dilution method in Muller-Hinton 
Bouillon, 10 6 /m1 of bacteria were seeded and incubated at 37°C for 
18 hours. The results obtained by the method mentioned herein-above are 
summarized in the following table: 
5 Table: Minimal Inhibitory Concentration (MIC) (pg/ml) 
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No. 1 


No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 


Control 
Compound 


E. coli. N I H J 


£0.05 


£0.05 


£0.05 


£0.05 


£0.05 


£0.05 


£0.05 


0.20 


Sh. flexneri. 2a55Q3 


£0. 05 


£0.05 


£0.05 


£0.05 


£0.05 


0.10 


£0.05 


0.20 


Pr. vulgaris. 3167 


£0. 05 


£0.05 


£0.05 


£0.05 


£0.05 


0.10 


£0.05 


0.20 


P r. ra irab 1 1 is. 1287 


£0. 05 


£0.05 


£0.05 


£0.05 


0.10 


0.20 


0.10 


0.20 


Ser. narcescens. 13001 


£0. 05 


£0.05 


0.10 


£0.05 


0.10 


0.20 


£0.05 


0.20 


P s aerue i nosa °ftfi^ 




s»u. u j 


ft "30 


A TO 

u. 09 


A OA 

0.20 


0. 78 


0.20 


0.78 


Ps. aeruginosa, 2128 


0.10 


£0.05 


0.39 


0.20 


0.10 


0.39 


0.20 


0.78 


Ps. aeruginosa, 2131 


0.10 


0.10 


0.78 


0.39 


0.20 


0.78 


0.10 


0.20 


Ps. cepacia. BD1340 


3.13 


0.39 


0.39 


L 56 


0.78 


0.73 


0.39 


50.0 


Ps.naltophilia, H01275 


0.78 


0.39 


0.39 


0.39 


L56 


0.39 


0.39 


0.78 


aureus. Saith 


0.39 


0.10 


£0.05 


0.20 


0.39 


0.39 


0.39 


0.78 


5. epidermis. 56556 


0.39 


0.10 


0.10 


0.39 


0.39 


0.39 


0.78 


0.78 


Str. pyogenes. G-36 


6.25 


0.78 


L56 


6.25 


12.5 


6.25 


L56 


25.0 


Str. faecalis.ATCC19433 


L56 


0.39 


0.39 


3.13 


6.25 


6.25 


3.13 


6.25 



No. 1: Compound of Example 1 

No. 2: Compound of Example 2 
30 No. 3: Compound of Example 3 

No. 4: Compound of Example 4 

No. 5: Compound of Example 5 

No. 6: Compound of Example 6 

No.- 7: Compound of Example 7 
35 Control compound: 

1-ethyl -6-f 1 uoro-7- (1-pi perazi nyl )- 1 ,4-di hydro-4-oxo-l ,8-naphthyr- 

idine-3-carboxylic acid (Example 2 of Japanese Patent Application 

Publication No. 10109/1982). 
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As shorn in the above table, the antibacterial activity of the 
compounds of the present invention is superior to that of the control 
compound. Furthermore, they show significantly high oil solubility as 
compared with the corresponding quinoline derivatives, and, moreover, 
are expected to be satisfactorily absorbed through the intestinal tract 
and to show a high concentration in blood. 

The compounds of the present invention are useful as antibacterial 
agents for the treatment of various infectious diseases such as urinary 
tract infections or Infections in respiratory organs of mammals includ- 
ing humans. Normally these compounds are administered orally, but they 
can also be administered by injection or can be used by external appli- 
cation depending upon the type of disease to be treated. 

Orally the compounds of the present invention can be administered 
at a dosage between 100 mg to 1000 mg, normally between 100 ing to 
600 mg, per day for adults, in the form of various pharmaceutical 
preparations such as tablets, capsules, powders, granules, syrup and the 
like which are well known in the prior art. Preparations of compounds of 
the present Invention suitable for injection or external application can 
also be prepared by techniques known in the art. For example, they can 
be prepared by methods known per se using suitable diluents, binders, 
excipients, disintegrators, coating agents and the like. 

The acute toxicity of the compounds of the present invention (I) 
was 200 or more mg/kg in mice (i.v.). 

The present invention will be explained herein-below in more 
detail with reference to the Reference Example and Examples given below. 
Unless otherwise indicated, all parts, percents, ratios and the like are 
by weight. 
Reference Example 

(a) 12 g of 2,6-d1chloro-3-fluoropyridine-5-carbonitrile (2) was added 
to a mixture of 60 ml of acetic acid, 5.8 ml of water and 5.8 ml 
of cone, sulfuric acid followed by reflux for 16 hours. After the 
reaction, 200 ml of water was added to the reaction mixture which 
was then submitted to 3 successive extractions with 150 ml 
portions of ethyl acetate. The extracts were washed with 100 ml of 
a saturated aqueous saline solution, dried over sodium sulfate, 
and the solvent was distilled off to yield 6.8 g of 2,6-dichloro- 
3-fluoro-pyridine-5-carboxylic acid (3) as crystalline powders: 
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NMR: CDC1 3 
6 ppm 

8.10 (1H, d, J = 8.0 Hz, aromatic H) 
9.92 (1H, broad S, -COOH) 

(b) 5 ml of thionyl chloride and 60 ml of benzene were added to 3.9 g 
of the carboxylic acid (3) from step (a), and the resulting 
mixture was refluxed for 1 hour. Thereafter, the mixture was 
cooled, the solvent was distilled off, and then benzene was added 
to the resulting residue followed by stirring. The mixture was 
subjected to two successive treatments for removing the 
supernatant benzene to yield an acid chloride (5) as an oily 
material. This material was dissolved in 20 ml of ether and then 
the resulting solution was gradually added dropwise to another 
solution which was separately prepared by refluxing 3.67 g of 
ethyl t-butyl malonate and 2.2 g of magnesium ethoxide in 40 ml of 
ether for 1 hour and then cooling the mixture to room temperature* 
After the addition, the resulting mixture was refluxed for 15 min- 
utes, and then the solution was allowed to cool to room tempera- 
ture followed by addition of water thereto. The pH of the solution 
was adjusted to lower than 4 with sulfuric acid, and it was 
partitioned with ether. The aqueous layer was then submitted to 
three successive extractions with 100 ml portions of ether. The 
combined ether extracts were washed with a saturated aqueous 
saline solution and dried over sodium sulfate. The removal of the 
ether gave 3.4 g of ethyl t-butyl 2,6-dichloro-5-f luoronicotinoyl- 
malonate (6) as an oily material. 

NMR: CDC1 3 
6 ppm 

1.48, 1.58 (two t-butyls) 

7.49 (1H, d, pyridine H) 

(c) 3.1 g of 2,6-dihydroxy-3-fluoropyridine-5-carboxamide (1) (or 
2,6-dihydroxy-5-fluoronicotinamide) was added to a mixture of 

10 ml of acetic acid, 1 ml of water and 4 ml of sulfuric acid, and 
the resulting mixture was refluxed for 24 hours. Thereafter the 
mixture was cooled and the solvent was distilled off under reduced 
pressure, 10 ml of ice water was added to the residue, and the 
mixture was neutralized by addition of sodium bicarbonate thereto 
and then extracted with excess chloroform. After drying over 
sodium sulfate the solvent was distilled off, and the residue was, 
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without further purification, added to a mixture of 5 ml of 
phosphorus oxychloride and 1 g of phosphorus pentachloride. The 
resulting mixture was refluxed for 3 hours and then cooled, and 
thereafter the solvent was distilled off under reduced pressure. 
The resulting residue was stirred after addition of 20 ml of 
benzene thereto and then subjected to three successive treatments 
for removing the supernatant benzene to yield 2.2 g of 2,6- 
dichloro-3-f1uoropyrid1ne-5-carbonyl chloride (5). 

(d) 150 rog of p-toluenesulfonic acid and 100 ml of dry benzene were 

added to 3.4 g of ethyl t-butyl 2,6-dichloro-5-fluoronicotinoyl- 

malonate (6). The resulting mixture was refluxed for 3 hours, and 

then the solvent was distilled off under reduced pressure. The 

residue was purified by chromatography on silica gel (50 g). Thus, 

2.3 g of ethyl 2,6-dichloro-5-f luoronicotinoylacetate (7) was 

obtained from the benzene extracts. 

nm: CDC1 Q 
3 

6 ppm 

1.35 (3h\ t, J = 7 Hz, -CH 2 CH 3 ) 
4.28 (2H, q, J = 7 Hz, -CHgCHg) 

0 0 

4.08 & 5.80 (enol) 2H ( A CHg-COEt) 
7.78 (1H, d, J = 8 Hz, pyridine H) 

(e) 1.3 g of ethyl orthoformate and 40 ml of acetic anhydride were 
added to 2.2 g of the B-keto ester (7) from the step (d), and the 
mixture was heated to reflux for 15 minutes. Then the solvent was 
distilled off and 30 ml of di chl oromethane was added to the crude 
ethoxymethylene compound (8) thus obtained. To the resulting 
mixture under cooling with ice and stirring was added dropwise 

5 ml of a solution of 500 mg of cyclopropyl amine in dichloro- 
me thane. The mixture was stirred for 20 minutes at room tempera- 
ture, and the solvent was distilled off. The resulting residue was 
purified by chromatography on silica gel {20 g) (eluant 3t-§thyl 
acetate/benzene 20 g) to give 1.3 g of ethyl 3-cyclopropylamino- 
2-(2,6-dichloro-5-fluoronicotinoyl)-acrylate (9). 
NMR; CDC1 3 
6 ppm 

H H 

0.8 - 1.0 (4H, "»O n ^2( ) 

H H 
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1.06 (3H, t, J = 7 Hz, -CH 2 CH 3 ) 

3.00 (1H, m, ; N -^<J ) 
H 

5 

4.02 (2H, q, J = 7 Hz, -CH^) 
8.21 (1H, d, J = 13 Hz, pyridine H) 
(f) 690 mg of the compound (9) from the step (e) was added to 20 ml of 
a suspension of 105 mg of sodium hydride (50% dispersion in oil) 
10 in dioxane, and the mixture was refluxed for 10 minutes. The 

reaction solution was red colored. The solution was allowed to 
cool to room temperature, poured into 50 ml of ice water and then 
made acidic (pH < 3) with dilute hydrochloric acid. The mixture 
was extracted with three portions each of 50 ml of chloroform and 
15 dried over sodium sulfate, and then the residue was purified 

through a column of silica gel (10 g). Thus, ethyl 7-chloro-l- 

cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylate (10) was obtained as chloroform extracts. 
Recrystallization from ethanol gave 270 mg of colorless needles of 
20 the compound (10) (mp.: 175-176. 5°C) . 

NMR: CDC1 3 
6 ppm 

H H 

0.9 - 1.4 (4H, m,)N — <>( ) 
25 H^H 



1.40 (3H, t, J = 7 Hz, -CH 2 CH 3 ) 

3.64 (1H, m,-N <J ) 

30 H 

4.40 (2H, q, J = 7 Hz, -CHgCHg) 
8.82 (1H, d, J = 8 Hz, aromatic C g -H) 
8.64 (1H, s, C 2 -H) 
35 Analysis (C^H^ClFNgOg): 

C H N 

- calculated 54.12 3.89 9.01 

- found 54.31 3.87 9.00 




mixture of acetic acid and hydrochloric acid (1:1), and the 
resulting mixture was refluxed for 1.5 hours. The reaction mixture 
was concentrated under reduced pressure to between 5 and 10 ml 
and 20 ml of water was added to the concentrate. The crystals were 
collected by filtration and washed successively with water, 
' ethanol and ether. Recrystallization from ethanol gave 240 mg of 
7-chloro-l-cyclopropyl-6-f luoro-1 ,4-dihydro-4-oxo-l ,8-naphthyridi- 
ne-3-carboxylic acid (11) melting at 223-224°C. 
KMR: CDC1 3 



3.8 - 3.95 (1H, m, — ) 

H 

8.48 (1H, d, J = 8 Hz, C & -H) 
8.96 (1H, s, C 2 -H) 
Analysis (C 12 H 8 FC1N 2 0 3 .l/4 H 2 0) 

C H N 

- calculated 50.19 2.98 9.75 

- found 50.13 3.18 9.50 

EXAMPLE 1 

150 mg of anhydrous piperazine and 6 ml of pyridine were added to 
100 mg of 7-chloro-l-cyclopropyl -6-f luoro-1, 4-dihydro-4-oxo-l, 8- 
naphthyridine-3-carboxylic acid (11), and the mixture was heated at 60°C 
for 30 minutes while stirring. After the reaction the solvent was 
distilled off under reduced pressure, and ethanol was added to the 
residue to produce crystallization. The crystals were collected by 
filtration and washed with ethanol. After being dried, the crystals were 
dissolved in an ethanol -aqueous ammonia mixture. 100 mg of activated 
carbon was added to the mixture followed by filtration. The filtrate was 
concentrated, and the crystals were collected by filtration and dried to 
give 95 mg of l-cyclopropyl-6-fluoro-7-(l-piperazinyl )-l ,4-dihydro-4- 
oxo-l,8-naphthyridine-3-carboxylic acid {mp.: 251-256°C (dec.)}. 



« ppm 



H 



H 
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NMR: CDC1 3 
5 ppm 

H H 



1.0 - 1.3 (4H, m,)N-^<^ ) 



H H 



H 

2.8 - 3.0 (4H, m, H — N N-) 
10 H -f"' 

H 

H 

3.6 - 3.8 (1H, m, )N — i<J ) 

15 

H H 

3.7 - 3.9 (4H, m, H — N^N- ) 



20 8.06 (1H, d, J = 14 Hz, aromatic Cg-H) 

8.62 (1H, s, C 2 -H) 
Analysis (C 16 H 17 FN 4 0 3 ) 

C H N 

• - calculated 57.82 5.15 16.86 

25 - found 57.68 5.22 16.52 

EXAMPLE 2 

. 200 mg of 3-t-butoxycarbonyl ami nopyrroli dine and 8 ml of pyridine 
were added to 150 mg of 7-chloro-l-cyclopropyl-6-fluoro-l,4-dihydro-4- 
oxo-l,8-naphthyridine-3-carboxylic acid (11). The mixture was heated at 
30 60°C for 30 minutes while stirring. Then the solvent was distilled off, 
and ethanol was added to the residue to produce crystallization. The 
crystals were collected by filtration and washed thoroughly with ethanol 
and then with ether to give a 7-(3-t-butoxycarbonylamino-l-pyrroli- 
dinyl )compound. 

35 Without further purification this product was added to a mixture of 

10 ml of trifluoroacetic acid and 200 mg of anisole followed by stirring 
at room temperature for 1 hour. Thereafter, the solvent was distilled 
off under reduced pressure, and the residue was neutralized with 
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methanol -aqueous sodium bicarbonate added thereto. The crystals were 
collected by filtration and washed thoroughly with ethanol and then with 
ether followed by drying* The crystals were dissolved in 10 ml of cone, 
aqueous annonia. 100 mg of activated carbon was added to the mixture 
5 followed by filtration. The filtrate was concentrated, and thus 90 mg of 
l-cyclopropyl-6-fluoro-7-(3-amino-l-pyrrolidinyl)-l,4-dihydro-4-oxo-l,8- 
-naphthyrldine-3-carboxylic acid {mp.: 243-248°C (dec.)} as colorless 
needles was obtained. 
NKR: DHS0-d 6 
10 * PP» 

H H 



1.0 - 1.3 (4H, m, >N <^ 



H H 

15 7.96 (1H, d» J = 14 Hz, Cg-H) 

8.58 (1H, s, C 2 -H) 
Analysis (C^H^FN^) 

C H N 

- calculated 57.82 5.15 16.86 

20 - found 57.53 5.26 16.76 

EXAMPLE 3 

150 mg of 3-hydroxypyrrolidine and 10 ml of pyridine were added to 
100 mg of 7-chloro-l-cyclopropyl^6-fluoro-l,4-dihydro-4-oxo-l,8- 
naphthyridine-3-carboxylic acid (11) and the reaction was carried out at 
25 60°C for 30 minutes. The solvent was distilled off under reduced pres- 
sure, and ethanol was added to the residue to produce crystallization. 
The crystals were collected by filtration and washed thoroughly with 
ethanol and then with ether followed by drying. The crystals were 
dissolved in an ethanol -aqueous ammonia mixture and then treated with 

30 activated carbon. After filtration the mother liquor was concentrated by 
heating, and the separated crystals were collected by filtration and 
dried to give 95 mg of l-cyclopropyl-6-fluoro-7-(3-hydroxy-l-pyrroli- 
dinyl)-l,4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acid (mp.: 
300°C). 

35 NMR: DMSO-dg 

6 ppm 

H H 

1.0 - 1.4 (4H, m, >N <j( ) 

H K 
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7.95 (1H, d, J = 14 Hz, C g -H) 
8.56 (1H, s, C 2 -H) 
Analysis (C 16 H 16 FN 3 0 4 .l/4 H 2 0) 

C H N 

5 - calculated 56.89 4.92 12.43 

- found 57.06 4.78 12.46 

EXAMPLE 4 

150 mg of N-methylpiperazine and 10 ml of pyridine were added to 
100 mg of 7-chloro-l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthy- 

10 ridine-3-carboxylic acid (11) and the mixture was heated at 60°C for 
1 hour while stirring. After the reaction the solvent was distilled off 
under reduced pressure, and the residue was washed thoroughly with 
ethanol and then with ether and then dried. The resulting crystals were 
dissolved in an ethanol -aqueous ammonia mixture. To the solution there 

15 was added activated carbon followed by filtration. The filtrate was 
concentrated by heating, and the crystals were collected by filtration 
to give 100 mg of light yellow crystals of l-cyclopropyl-6-fluoro-7- 
(4-methyl-l-piperazinyl)-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylic acid {mp.: 244-245°C (dec.)}. 

20 NMR: DMS0-d g 

6 ppm 

H H 

1.0 - 1.3 (4H, m, >N — ) 

H H 

25 

8.06 (1H, d, J = 14 Hz, Cg-H) 
2.24 (3H, s, CH3-N V ) 
30 Analysis (C 17 H 19 FN 3 0 4 ) 

C H N 

- calculated 58.95 5.52 16.18 

- found 59.08 5.58 16.18 

EXAMPLE 5 

35 150 mg of homopiperazine and 5 ml of pyridine were added to 70 mg 

of 7-chloro-l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine- 
3-carboxylic acid (11) and the mixture was stirred at 80°C for 1 hour. 
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After the reaction the solvent was distilled off under reduced pressure, 
and the residue was washed successively with two portions each of small 
amounts of water, ethanol and ether, and then dried. The resulting 
crystals were dissolved in 10 ml of ethanol followed by addition of 
5 excess cone, ammonia. The solution was treated with activated carbon and 
then filtered. The resulting filtrate was concentrated by heating, and 
the crystals were collected by filtration and dried to give 70 mg of 
1-cycl opropyl -6-fl uoro-7- ( 1-homopi peraz i nyl ) - 1 , 4-di hydro-4-oxo-l,8- 
naphthyridine-3-carboxylic acid ftnp.: 246-247°C (dec.)S. 
10 Analysis (CjyH^FH^) 

C H N 

- calculated 58.95 5.53 16.18 

- found 58.85 5.57 16.10 

EXAMPLE 6 

15 150 mg of N-raethylhomopiperazine and 10 ml of pyridine were added 

to 100 mg of 7-chl oro-l-cycl opropyl -6- fluoro-1, 4-di hydro-4-oxo-l , 8- 
naphthyridlne-3-carboxylic acid (11) and the mixture was stirred at 60°C 
for 1 hour. After being cooled, the solvent was distilled off under 
reduced pressure, and the residue was washed successively with two 

20 portions each of small amounts of water and ethanol -ether (1:4). After 
being dried, the resulting light yellow powders were dissolved in 
ethanol -aqueous aranonia and then treated with activated carbon followed 
by filtration. The filtrate was concentrated by heating, and the 
crystals were collected by filtration and dried. 90 mg of 1-cycl opropyl- * 

25 6-fl uoro-7-(N-methyl-l-homopipera2i nyl )-l,4-dihydro-4-oxo-l,8-naphthyri- 
dine-3-carboxylic acid ftnp.: 247-257°C (dec, unclear) 5 were thus 
obtained. 

Analysis tt^H^FH^) 

C H N 

30 - calculated 59.99 5.87 15.55 

- found 59.67 5.78 15.55 

EXAMPLE 7 

130 mg of 2-methylpiperazine and 5 ml of pyridine were added to 
100 mg of 7-chloro-l-cyclopropyl-6-fluoro-l ,4-dihydro-4-oxo-l,8- 
35 naphthyridine-3-carboxylic acid (11) and the mixture was stirred at an 
external temperature of 60°C for 30 minutes. Then the solvent was 
distilled off under reduced pressure, and 2 ml of ethanol was added to 
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the residue to produce crystallization. The crystals were collected by 
filtration and washed successively with ethanol and ether. After being 
dried, the resulting crude crystals were suspended in 10 ml of ethanol 
and then dissolved therein by addition of excess cone, aqueous ammonia 
and then treated with activated carbon. The mixture was concentrated to 
remove the ammonia thereby giving as transparent crystals 40 mg of 

l-cyclopropyl-6-fluoro-7-(3-methyl-l-piperazinyl)«l,4-dihydro-4-oxo-l,8- 
-naphthyridine-3-carboxylic acid (mp.: 236-239°C). 

NMR: DMS0-d c 
o 

6 ppm 

H H CH 3 
1.0 - 1.4 (7H, m, N & HN*~>- ) 



2.7 - 4.6 (7H, m, piperazine H) 
8.06 (1H, d, 0 = 14 Hz, C^H) 
8.62 (1H, s, C 2 «H) 
Analysis (C^H^FN^) 

C H N 

- calculated 58.95 5.52 16.18 

- found 58.66 5.78 15.91 

The following is an example of preparations for oral adminis- 
tration containing the compounds of the present invention (I). 
Capsules 

. compound (I) 100.0 mg 

. corn starch 23.0 mg 

. CMC calcium 22.5 mg 

. hydroxypropyl methyl cellulose 3.0 mg 

. magnesium stearate 1.5 mg 



Total 150.0 mg per capsule 
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CLAIMS 

1. - 1,8-naphthyridine derivatives represented by the following 
general formula: 

O 

\ R A 

wherein: 

10 R is a cyclic amino group which may have a substituent; and 
X is a halogen atom, 
and their pharmacologically acceptable salts. 

2. - 1,8-naphthyridine derivatives as claimed in claim 1, wherein R 
is a 5, 6 or 7 -membered cyclic amino group comprising one or two 

15 nitrogen atoms and which may have a substituent. 

3^- 1 , 8-naph thy ri dine derivatives as claimed in claim 1 or 2, 
wherein R is piperazinyl , pyrrolidinyl or homopiperazinyl which may have 
a substituent. 

4. - 1,8-naphthyridine derivatives as claimed in claim 1, 2 or 3, 
20 wherein the substituent is selected from the group consisting of g 

alkyl, hydroxy!* acyl, amino, carbamoyl and cyano groups. 

5. - 1,8-naphthyridine derivatives as claimed in claim 1, 2, 3 or 
4, wherein R is 3-methyl-l-piperazinyl . 

6. - 1,8-naphthyridine derivatives as claimed in claim 1, 2 or 4, • 
25 wherein R is 1-piperazinyl . 

7. - A process for the preparation of 1,8-naphthyridine derivatives 
represented by the following general formula: 



30 




COOH 



wherein: 

R is a cyclic amino group which may have a substituent; and 
35 X is a halogen atom, 

which comprises reacting 7-chloro-l-cycl ©propyl -6-fluoro-l, 4-dihydro-4- 
oxo-l,8-naphthyridine-3-carboxylic acid with a cyclic amine: RH wherein 
R is defined as the above. 
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